Introduction
The development of active acoustic control experiments demonstrates the need to calibrate our view of the physical world with regular testing. We started with a desire to use feedback-based active control on acoustic systems with a system model based on the wave equation and the opinion that all work would flow smoothly from that model of physical reality. We have now realized that the hardest issues associated with active acoustic control are not well described by our simplistic initial model. Physical testing is the vehicle though which we tested our initial model and found it lacking. With physical testing and experimentation, we have focused on those elements of acoustics that are most important to the success of our acoustic control methods.
The 1-D Acoustics Problem
Our evolution started with the simple 1 dimensional wave equation )
where K = complex impedance of the termination end (dimensionless). When Re( K ) equals zero or is infinity, the termination end of the duct reflects all the acoustic energy and the response is composed of standing waves only. All other values of K yield some combination of propagating and standing wave response (Spiekermann and Radcliffe, 1988) . When K =1+Oi the termination end of the duct absorbs all the acoustic energy and the response is composed of propagating waves only. In general, the reflection coefficient gives the relative magnitude of the reflected pressure wave. The real part of K (acoustic resistance) is associated with energy dissipation. The imaginary part of K (acoustic reactance) is associated with conservative fluid compliance andor inertia effects.
The duct end at x=O is modeled as a totally reflective, open end. This boundary condition is du
The 1-D Duct Experiment
An acoustic duct test stand was designed and constructed (Hull, Radcliffe& Southward, 1993) (Fig. 1) . The test stand was designed so that its responses would follow the above mathematical model as closely as possible. The duct test stand is a segment of a larger control system test stand. The wave equation model predicted the physical measurements of acoustic responses quite well (Fig.2) . Based on the model success, a state-space observer was developed and implemented on a DSP system in real time. A When state-space feedback control was implemented, the measured closed-loop responses demonstrated the ability to control duct dynamics (Fig. 3) within the bandwidth of the audio speaker used as the actuator (A.J. Hull, C.J. Radcliffe, and S.C. Southward, 1993) . The actuator dynamics yielded a limited actuator bandwidth (Fig. 4) and were the limiting factor in our ability to implement feedback control.
What We Learned
The control experiment caused a change in research direction from control design to actuator design. In fact, the current research has yielded feedback controlled speakers with wide bandwidths (Fig. 5 ) more suitable to feedback control implementations (Radcliffe, C. J., and Gogate, S. D., 1996) . These feedback compensated speakers have capabilities with applications far beyond acoustic control.
